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IIntroduction
Inthevegetablecultivation,largeamountsoffertilizersareappliedin
ordertoachievehighyieldandquality.However,thispracticehasledto
severalproblems,suchasenvironmentalloading,andhealthproblemcausing
effectsofsomeproducts.Dietaryintakeofalargeamountofnitrates-
accum.ulatingindr辻面ngwatersdue奴)nitrateleachingfromcul伽atedlands,
andinplantsduetoexcessiveuseofnitrogenfertilizers-cancause
methahemoglobinemiaandgastriccancer.Increasingnutrientuseefficiency
usingslow/controlled-releasefertilizerscanreducetheextentoftheseadverse
effects.Nutrientreleaseofpolyolefin-coatedfertilizers(POCFs),akindof
controlled-releasefertilizers(CRFs),ismainlytemperaturedependent,thus
releasepatternsofthesefertilizersaresynchronizedwiththegrowthrateof
crops,
ThisstudyconcentratedonsomeofthepossibleeffectiveusesofCRFs(as
:POGFs)fbrvegetablecultiva七ion.
As血glebasalapplicatiolloftotalfbrt丑izerusingPOC:Fsisalreadyan
establishedfertilizationmethodforricecultivation.Farvegetablecrops,
especiallyforfruitvegetables,top-dressingsaregenerallynecessaryfor
maintainingplantgrowththroughoutthegrowingperiod.Asinglebasal
applicationoftotalfertilizerusingPOCFsoffersthepossibilit;jofalaborand
energysavingfertilizationmethodforfruitvegetablesduetotheeliminationof
top-dressings.
Leafvegetablesareliberallyfertilizedforensuringgreencolour,
succulenceandhighyield.Thuscultivationofleafvegetablesinthefieldduring
rainyseasonscancauseconsiderableenvironmentalloadingduetoxiitrogen
leaching,UseofPOC:Fscanilnproveni七rogenusee茄ciency,andthusreduce
environmentalloading.
Ammoniumnutritionwasfoundtodecreasenitrateaccumulationin
severalleafvegetables,moreover,itcandecreaseoxalatecontentinoxalate
accumulatingplants.However,realizationoflong-termammoniumnutritionin
soilcultureremainsaseriousconcern.Abandapplicationofureaor
am.mor直uエncontain士ngPOC:Fscanbeapossiblesolutionfbrthisproblem.The
useofPOCFscanpossiblydecreaseoxalateandnitratecontentsinleaf
vegetablesduetothecombinedeffectoflong-termammoniumnutritionandthe
con七roned・releasecharacteristic,
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Consideringtheideasmentionedabove,thepurposesofthisstudywereas
follows:
1.ReducingenergyandIaborcostsbyrealizationofasinglebasal
applicationusingPOCFsforpeppersgrowninthefield.
2.ReducingenvironmentalloadingbyusingPOCFsduringrainyseasons
inthe丘eld,
3.Improvingthenutritionalqualityofoxalateaccumulatingleaf
vegetableswithlong-termammoniumnutritioninasoilculture
realizedbytheapplicationofPOCFs.
4.ReducingnitratecontentinlettuceusingPOCFs.
IIAsinglebasalappHcationoftotal艶rt丑izeru.singcontroHed-
releasefertilizersforpeppersgrowninthefield
Thepurposesofthischapterwere
1.tocomparetheef色ctsofasinglebasalapP五cationof七〇tal免rhHzer
usingpolyole:血レcoated(POC)NPKIfbrtilizertothatofasplit
applicationofreadilyavailablefertilizers(.R.AFs)onfieldgrowngreen
peppersandpaprika;
2.tocom.paretheefεbctivenesso:εd遜ereR七apphca七ion皿ethods,.suchas
broadcastapplication,bandapplicationandnursexypotapplication.
1):Expe血en意8withgreeRpe:PPer8
FieldexperimentswereconductedwithaJapanesegreenpeppervariety
(02Pε～ひoロヱη紐 刀α召zηL.cv.Nishiki)in1996-1998.Threesin91ebasalapPlieation
methodsofPOCFs(70-daytypePOC-NPKbroadcastapplication,70-daytype
POC-NPKbandapplication,100-daysigmoidtypePOC-NPKnurserypot
application)w醍ecom.paredtoasplitapplica七ionofreadiyava丑ablef硫t且izers.
Plantdensitywas2plantsperm2.
Figure1.showsthatwithasingleapplicationofPOC-NPKfertilizers,a
continuousnitrogensupplycouldbegiventhroughoutthewholegrowing
period,andduヱing七hesecondha]ぼofthegrowingperiodtherL1七roge:n∫elease
patternofPOC-NPK70wassimilartothatofthesplitapplicationof
a皿nlor己umnitrate.Relativelyhighamou皿tsofnutrien.tsreleasedfromthe
100脚daysig1:noidtypePOC-NPK:免1憾zerduヱillgseedhllgraisingcausedsalt
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Fig.1.Nitrogenreleaseduringthegreenpepperexperiment(1997)
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Table1.Ef丘}ctso:【1nutrien七utakesveetative/ene:rativebalanceand
丘eshweigh七productionof舞reenpepperplants(1998)
Total
nitrogen
uptake
(9/m2>
Nitrogen
use
fficiency
%
Total
phosphorus
uptake
(gP/ln2)
Total
potassium
uptake
(9:K:1m2)
:FruitFW/
totalFW
%
Fresh
weight
production
(9/m2)
RAF
POC-NPK
broadcast
POC-NPK
band
No
nitro
14.6ab士
8
15.9
b
14.ユ
C
8.3
21.2
25.3
19.4
1.95b
a
2.25
b
1.87
C
1.32
24.7a
a
26.2
a
24.1
b
16.8
83.1
83.6
82.9
83.1
6974b
a
8084
b
6892
C
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Fig.2.Changesinculnula七iveyieldofgreenpepperpヱants(1998)
→ ←NoNitrpgen十RAF→ 暇一POC-NPKIbroadcast十POC-NPKband
(正硫F=readHyava丑ablefbrtill亀er,POC・NPKニpolyolefin-coatedNPKIfbrt且也er,
broadcast=broadcastapplication,hand=bandapplication,pot=potapplication,
75%ニ22.5・19.3-22.591m',100%=30-25.7・30g/m'fbrt臨ationlevel)
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injury,andconsequentlyretardeddevelopmentandreducedyieldfortheplants
ofthePOC-IVPKpotapplicationtreatments.
Table1.showsthatin1998,nutrientuptakeandfreshmassproduction
werethehighestintheP(JC-NPKbroadcastapplicationtreatment.Aband
apPlicationof:POC-NPK:f艦皿zera且daspli七apPlicationofRA:Fsproduced
similarresults.NitrogenuseefficiencywasbetterinthePOC-NPKbroadcast
apPhca七iontreatme:【1七thantn七hePOC-NPK:bandap:phcatignand七heRAF
treatments,
Astreatmentsdidnotaffectthegenerative/vegetativebalanceoftheplants
(Tablel.),yieldwasdeterminedbynutrientuptake.YieldinthePOC-NPK
broadcas七apPlicatio且tfeatrnentwasbetter比an±n比ePOCNPKba・1d
applicationandtheRAFtreatments;thelattertwowerepracticallythesame
(Fig。2.).Thed遇erencetncumula廿veyielabetween七hetreatmelltswas
developedduringthefirsthalfoftheharvestperiodandthenremained
constant.The_POC-NPKbroadcasttreatmentproducedthebestearly
development(betterleafcolourandplantlength),establishingabetteryield.
Similarresultswereobtainedfromtheexperimentsdonein1996and1997.
According七〇theseresuユts,applica七ionme七hodsig面canもlyaf色cもed七he
e:E&ciencyofasillglel〕asalapPlicationoftota1:色rt丑izer.usingPOC-NI)K
ferti!izerforgreenpeppexs.Broadcastapplicationmethodproducedbetter
resultsthanbandapplication.Thepotapplicationmethodwasnotsuccessful.
2)Experimentswithpaprika
FieldexperimentswereconductedwithaHungarian.paprikavariety
(0畠ρ訂セπzη、2η刀召ロヱηL.cv,Borのin1997and1998.Bandapphca七ionof70-day
typePOC-NP][(fbr七曲e:rand:nu:r8erypot.apphcationof100-daysigm.oidtype
POC-NPKfbrti五zerat22.5g(75%)and30g(100%)ni七rogen/m2.rateswere
compa:red葉x)aHungεuゴan:色r七i五zationprogra皿doneata30gI丘trogen/m2
fbftiization.levelwithRA:Fs.Plan七densitywas7.8plantsperm2.
Compared{x)theRA:F{疋eatment,1evelsofava丑ablefb]【七五zernit疋ogent【1
thePOCFtreatmentswerelower,especiaUyinthe75%treatments(:Fig。3.),
Table2.showsthatinspiteofthelowernutrientrelease,therewerenoLarge
differencesinthenitrogenandpotassiumuptakebetweenthetreatments.
Nitrogenuseefficiency(calculatedbythedifferencemethod)inthePOCF
treatmentswerebetterthanintheRAFtreatment(Table2.).Different
fertilizationmethodsaffectedthegenerative/vegetativebalanceofpaprika
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Table2.Effectsonnutrientuptakes.vegetative/generativebalanceand
.食eshwei冥hもproduc七ionofpapr圭kaplants(1998)
Total
nztrogen
uptake
(g/m2)
Niなogen
use
fficiency
%
TotalTotal
phosphoruspotassium
uptake
(gP/m2}
uptake
(gK!m2)
FruitFW/
totalFW
%
Fresh
weight
production
(91m2)
RAF
POC-NPK
band75%
POC-NPK
bandIQO%
POC-NPK
pot75%
POC-NPK
pot100%
Nonitrogen
21.2ab*
2L5ab
r,lnab
20.2b
22.8e
7.8
44.8
6L2
47.4
55.5
50.1
2.2gcd
ab
2.89
be
2.s5
a
3.18
ab
2.88
2.21a
26。ob
b
30.6
b
29.1
b
26.7
b
29.2
17.Oa
63.4
ab
69.7
be6
5.6
a
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71.8
a
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7670b
A
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Fig.4.Changesincu皿ulativeyieldofpap:dkaplants(]一998)
→ 《一NoNitrggen一 →一一RAF一 日一POC・NPKbaRd75%
十POC・NPKband100鎚 一十POC-NP王(pot75%十POC・NPKIpot100%
催=read且yavaibblefbrむiL血er,POC-NP王(=・polyolefiコーcoatedNPKfbrtiセer,
band=broadestapplication,pot=potapplication,75%=22.5-19.3-22.5glm,
100%=30-25.7-30g/rrifertilizationlevel)
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plantstoagreatextent(Table2.).Thepatternoftheseresultswassimilarto
thatoftheyield.
YieldofthePOCFtreatmentswasbetterthanthatfromtheRAF
treatment(Fig.4.).In1998,potapplicationsproducedslightlybetteryields
thanbandapplications.Therewerenolargedifferencesbetweenthetwo
ferti!izationlevels.ThususingPOC-NPKfertilizers,theamountofapplied
fertilizercouldbedecreasedwithoutreducingtheyieldofpaprika.Thetwopot
applicationtreatmentsproducedthebestearlydevelopment(betterleafcolour
andplantlength),establishingthebetteryield.
In1997,.bandapplicationandANtreatmentsperformedbetterthanin
1998,whilethepotapplicationtreatmentswereworsein1997thanin1998.
Accordingtotheseresults,asinglebasalapplicationofPOC-NPKfertilizer
withbandornurserypotapplicationsproducedabetteryieldthanasplit
applicationofRAFs.Thiswasmainlyduetoamorefavourable
genera廿ve/vegetativebalanceachievedwith七hesefbrt患za伽且 血etho(楚.With
thesefbrtihzation.methods,nu七rien.tusee鐙ciencywasimproved,
Itwascon.cludedthatasjLnglebasalapphca廿oロoftotalfbrt丑izerusing
CRF(asPOC:F)isafbasiblef6rtihza七ionmethodfbrfieldgrown.peppers,which
canreducelaborandenergycostsduetotheeliminationoftop-dressingsand
environmentalloadingduetoimprovednutrientuseefficiency,
IIIImprovingnitrogenuseef6.ciencgusingcontrolled-release
鉛rtiizersfbrIeafvegetablesgrown,inthe丘eldduhn.grainy
seasons
Thepurposeofthischapterwastocomparenitrogenuseefficienciesof
R.AFandPOCFforaleafvegetablegrowninthefieldduringrainyseasons.
Twofieldexperimentswereconductedwithtendergreenmustard(Brassica
oa坦ρθ5認5:L.cv.Kurom.arukom.atsuna)duエingthesu.lnmαan.dau七umnrainy
periodsin1998,forcomparingtheutilizationofureaand30-daytype
polyolefin-coatedurea(POCTJ).
Inthefirstexperiment,useofPOCUwasnoteffective,asbothfreshweight
(Fig,5.)andr匪t:rogenusee:【五ciency(calculatedbytheisotope∫ecovery
method)(Fig.6.)werebetterintheureatreatmentthaninthePOCU
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treatment.However,inthesecondexperimentbothfreshweightandnitrogen
useef五cienciesofplantsgrownwithPOCUweresuperiortothoseofplants
grownwithurea,血bothanophar感ca:ndIlon-a皿ophanicAndisols.The
雌erenceinthereBults・btainedwasac。nsequence・f(晒 ・entpa七七emsand
amountsofrainduringtheexperiments.
ItwasconcludedthatusingCRF(asPOCF)nitrogenuseefficiencyofleaf
vegetablesgrowninthefieldduringrainyseasonscanbeimproved.Thusthis
fertilizationmethodisenvironmentfriendly(lessnitrogenleaching)andmore
rehablethanfbr曲zationdonewi七hsolublenitrogenfbr砿lizer.
NImprovingthenutritionalqualityofoxalate
vegetablesusingcontrolled-releasefertilizers
accumulating
Thepurposesofthischapterwere:
1.tocomparetheeffectsofbandapplicationsofdifferentPOCFsonthe
nutritionalqualityofspinach,
2.toinvestigatethemechanismsoftheseeffectsindetail,
3.toinvestigateifthismethodiseffectiveforimprovingthenutritional
qualityofotheroxalateaccumulatingvegetables.
1):Expe血eRt8with8pinach
Potexperi皿1entswereconducted(3t血es)with・sp血ach(β扉 ηaαρ80、めrヨoθa
L.cv.Dinple}toinvestigatetheeffectsofabandapplicationofureaor
a皿moniu皿contai血gPOCFsonoxalate,ascorbateandnitratecolltentshl
spinach.
LowernitrateuptakeandreductionresultedinIowercationandoxalate
contents(:Fig,7.,secondexperi組e:nt).Oxalateco:n七en,tshowedacorrelation
withthecationcontenthleveryexpe血 ユent(Fig.8,).Ascorbatecontent
increasedinthePOCFtreatments(Fig.9.,secondexperiment)andwas
influencedbybothoxalateandnitrogencontents.Lowernitrateavailabilityin
thesoilresultedreducednitratecontentintheplantsgrownwithPOCFs(Fig.
10.,secondexpe血Lent).
Thefreshweightofspinachwaslafgerintheammoniu皿sulphate(AS)
treatmentthaninthePOCFtreatments(Fig.11.,secondexperiment).Itseems
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thatthefactthatthelevelofoxalate,oneofthemainorganicacidsin
spinach,becomeslowerwithammoniumnutritioncouldbeamaincauseofthe
decreasedgrowthrateofammonium-fedspinachplants.Thusalowergrowth
rateseemstobeunavoidable,ifthegoalistoproducespinachwithlower
oxalatecontents,andasaconsequencealaterharvestisnecessary｣or
achievinganacceptableyield.
A:pphcationsofufeaoramm,ordu皿conta㎞gPOCFs血provedthe
nutritionalqualityofspinachinthefixstandsecondexperiments.Thiswasan
effectoflowernitrateavailabilityinthesoilduetorealizedammonium
nutritionandtothecontrollednitrogenrelease.POCUwasfoundtobeless
e鰍iv曲rre曲ngIong一 七er皿a皿mo血u皿nut面onth狐ammoni㎜
containingPOC:Fs.Oxala七econtentwasnota施ctedwhenamm.onium
nutritionwasnotrealized(POCUtreatmentsandthethirdexperiment).
Resuユ七sobtained丘omtheexpeぬmenもsconduc七edwith.〇 七heroxala七e
accu:muユatin.gvegeもablesshowedashn丑aヱtendency,althoughtheextentof
effectswasgreatlyaffectedbybothplantspeciesandenvironmental.conditions.
Itwascon.cludedthatthenutritionalquahtyofoxalateaccu皿ulatingleaf
vegetablescanbeimprovedbyusingabandapplicationofCRFs(asPOCFs).
Useofammo】 ㎡u皿conta㎞gCRFsismoreef色c七ivefbrtha七purpose七han.the
useofureacontainingCRFs.
VReducing
fbrti五zers
nitratecontentinlettuceusingcontrolled-release
Thepurposesofthischapterwere:
1.toinvestigatetheeffectsofthecontrolled-releasecharacteristiconthe
nitrateaccumulationandyieldoflettuce;
2.tocomparetheeffectsofureacontainingPOCFandammonium
containingPOCFonthenitrateaccumulationandyieldoflettuce;
3.tocomparetheeffbc七sofd遜erentapphcationmethodsofPOC:Fohthe
nitrateaccumulationandyieldoflettuce.
Potexpeh皿en七swereconductedwithbu批erheadlet加ce(五θo血～αヨ32がvヨL.
cv.Rachel)toinves七igatetheef艶ctsofureaorammoniu:mconta士ningPOC:Fs
O瓢tra艶aCC㎜UlatiOninIe伽Ce.
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BybroadcasttngureaorPOCUatfburd温erentappHcationrates,itwas
fbundthatthesoilrdtratecontentatharvesttimehasastrongcorrelationwith
plantrdtratecontent(Fig.12.).Therewerenosignj五ca皿tdi錨erencesinplant
nitratecon.tentsperur亘tofreleasedf6rtilizerエ1itrQgenbe七ween七hetrea七ments
(Fig.13.),thusthereduced.r巳七ratecontentwasaconseqμenceoflowernitrogen
ava丑abilityinthePOCU七reatments.Ilowever,freshweightperuni七 〇f
releasedfbr甑zernitrogenwashigherfbrPOCUthanfbrurea(Fig.14.).ゴ
Consideringbothyieldandnitra七econ七en七,abandappIica七iqnQf
polyolefi皿一coateddiammQniumphosphate(POC-DAI))wasfbundtobemore
e鎚ec廿vefbrproducinglettuceheadswithreduc6dhi七ratecontentsもhan.
broadcastandsp～)tapPhca七ions(Fig.15.)'.
BandapphcationsofallthethfeePOC:Fsused,reducedr賦tra七econ七entsto
agreatextent,wh丑eshgh七1ydecreasingheadweight(:Fig,16.).UseofPOC-
DAPandPOCUwithdicyandiamidinthecoating(POCU-Dd)wasmore
ef艶c廿vefbrrea五zi皿gIong-term.am皿o]〔匪u皿nu七ritionthalluseof:POCU,
Itwasconcludedthatanapplicationo｣ammoxaiumorureacontaining
CR:Fs(as:POCFs)candecreaSenitrateconten.ttnlet加cewi七houtsigr曲cantly
decreasingyield,Thiswasduetoboththecontrolled-releasecharacteristic
andtorealizedamxnoruumnutrition.
1Vlainstatementsofthisstudyareasfollows:
1.Asinglebasalapplicationoftotalf6rt丑izerusin.gCRFisafbasible,laborand
energysaving,andenvironmentfriendlyfertilizationmethodforfieldgrown
sweetpeppers.
2.AppHcationofCR:Ftoleafvegetablesg■own±nthe丘elddu垣皿grε血yseasons
canimprovetheirnitrogenuseefficiency,andthusreduceenvironmental
loadiエlgduetonitエogenlosses.
3.Thenutritionalqualityofoxalateaccumulatingleafvegetablescanbe
血provedus士ngabandapplicationofureaorammonium.containingCRFs.
4.Nitratecontentinlettucecanbereducedbyanapplicationofammoniumox
ureacontai.iungCRFswithoutdecreasingyield.
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論 文 審 査 結 果 要 旨
野菜栽培においては外観の品質と高収量を確保するために一般に他の作物に比べて多量の施肥が行わ
れている。また施肥は濃度障害回避のために多数回の追肥で行われその労力節減や施肥窒素の利用効率
の向上が切望されている。本研究ではわが国で近年開発された植物の生育にマッチして溶出が行われる
肥効調節型肥料である各種ポリオレフィン樹脂被覆肥料を用いて,野菜栽培における労力軽減と野菜の
栄養的品質の改善および肥料による環境負荷軽減 を目的として行われたものである。
第1に,生 育期間の長い果菜であるピーマンとパプリカにポリオレフィン樹脂被覆リン硝安カリ(POC-
NPK)を用いて省力栽培法を検討 した。その結果,栽 植密度の高いパプリカでは最 も省力的で利用効率
の高いPOC-NPKの全量ポット施用とバンド施用が可能であることを明らかにした。また栽植密度の低
いピーマンではこれらの方法では濃度障害が起 こること,また全量全層基肥施用が最 も有効的であるこ
とを明 らかにした。
第2に,雨 量の多い時期(梅雨 と秋雨)における葉菜の施肥窒素利用効率の改善をコマツナを用いて重
窒素 トレーサー法で検討 した。その結果,肥料の利用率は降雨量 と関係 し,雨量の多い場合はポリオレ
フィン樹脂被覆尿素(POCU)の利用率が速効性の尿素より著 しく高 く,収量も向上することを明らかに
した。
第3に,シ ュウ酸集積植物であるホウレンソウ,スイバ,ル バーブ,フ ダンソウの栄養的品質の改善
を検討 した。その結果,ポ リオレフィン樹脂被覆肥料を用いると従来不可能であった畑状態でもアンモ
ニウム栄養を持続することが可能であ り,これら植物のシュウ酸および硝酸集積を軽滅 し,逆に活性化
酸素抑制 に有効なアスコルビン酸濃度が高まる事を明 らかに した。また,こ れらシュウ酸,硝酸および
アスコルビン酸の集積における相互関係 を明らかにすると共に,これらの効果はポリオレフィン樹脂被
覆リン酸アンモニムの施用で最 も有効である事を明らかにした。
第4に,現 在西欧を中心に社会問題化 してお りわが国でも注目されている野菜の硝酸集積に対する改
善方法を検討 した。その結果,野 菜の硝酸集積量は土壌中の硝酸集積量 と密接な関係があること,緩効
的溶出をするアンモニウム形態のポリオレフィン樹脂被覆肥料を用いると野菜の硝酸集積が著 しく軽減
できることを明 らかにした。
以上のように,本研究は野菜栽培における省力栽培,栄 養的品質改善,あ るいは肥料による環境負荷
軽減がポリオレフィン樹脂被覆肥料を用いれば可能であることを明らかにした もので,学 問的に大きな
貢献をすると共に,今後の野菜栽培の新 しい方向性を提示 したものであり,審査員一同は本論文が博士
(農学)の学位を授与するに値する内容であると判断 した。
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